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PROTOCOL SUMM ARY AND SCHEM A

Ths is a study uizng the hypoda trace fluorine-18-labeled fluoro-misonidazole (18F-
FMISO) to evaluate the presence and bio-distribution of tumor hypaxia in head and nedk
cancer patierts. Two cohorts of patients wil be acaued to this protocol:

9 Cohort 1 wil corsist of 150 head and nedk cacer patients over a 5-yea acaual
period who are ot expeded to urdergo surgca resedion of their cacer. Ths
cohort wil comsist of 100 patients with Human Paploma Virus positive (HPV+)
tumors and 50 patients with Human Paploma Virus negative (HPV-) tumors.

I Cohort 2 wil comsist of 19 head and nedk caxce patients who wil urdergo
surgery for their cancer per standard of care.

When possble, we wil also obtain muiti-parametric magretic resorance (MR) scams
corsisting  of convertiorel amtomcad MR magng (eg T1- ad T2-weighted),
diffuision-weigted MR magng (DW-MRI), and dynamic cortrast entanced magretic
resorance imagng (DCE-MRI). These MR scas wil be uiized to assess changes in
MR intersties and the perfusion and dffusion of water noleades in tumor and irradiated
normal structures during and after the couse of fradionated external beam radiation
therapy (RT). The DCE-MRI data wil provide insigit into the tumor pathophysiology.
With proper compartmertal modeing the DCE-MRI data wil yield resuts on tumor-
vesel permeabity, tumor perfusion and extracduar-extravascuar volure fradion ie.
data relating to the tumor microenvironmert. These resuts wil determine the paertial of
DCE-MRI data as a priori or ealy markers of tumor response to chemoradiation as well
aslong term disease-free survival after treamert.

This study wil futher ertail the first human study of ®F-FMISO PET image-guided core
biopsy of nedk node(s) in bah HPV+ and HPV- head and nedk squamous cell carcinoma
(HNSCC; for Cohort 1 patients that corsert to this optioral biopsy). Additional tisse wil
be coleded from patierts who wil urdergo surgca resedion of their cacer per standard
of care (Cohort 2). We wil correlate the intensity of the 18F-FMISO PET sigrel with the
degee of mnurohistochemica stainng of the folowing hypaxia biomarkers, among
others: HIF-1U, Lysyl Oxidase, and Ki67 (an indeperdert marker of tumor
agy essveress).

Lastly, ths study wil evaluate a nurber of treament approades to HPV-related head
and nedk cacer. The approades appicable to Cohort 1 of ths study are outlinred below:

1. Defintive chemoradiation without pretreament surgcd resedion in which bah
the prmary turor site and the nedk nodes receve 70Gy. In patients who exhibit a
conplete nodal respase with this treamert, no futher treamert is necessary.

2. Defintive chemoradiation without pretreament surgca resedion in which the
primary site recaves 706y whie the neck nodes receave a lower dose of radiation
at 600Gy instead of 70Gy. Ths defintive chemoradiation is folowed by a FDG
PET/CT scan at 3 norths (+/- 4 weeks) paost-treamert. In patients who exhbit a
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complete nodal respose with ths method of treament (as determined by the 3-
morth post-treament FDG PET/CT scan), no futher treamert isnecessary.

Patients erroled on to this protocol who wil recave either of the treaments above (i.e.
those withou surgcd resedion of their cancer) wil be included in Cohort 1, and wil
cortinie with standard institutional care in the case of inconplete or no nodal resporse.
The ifformation oltained from the use of 18F-FMISO PET scars in Cohort 1 wil be used
to gude these mtientsd treamert on this protocol. HPV+ head and neck cacer patients
in Cohort 1 that exhbit no evidence of hypoxia on therr baseire 18F-FMISO PET scan
and HPV+ head and nedk cacer patients in Cohort 1 with ealy resolution of hypoxia on
their repea 8F-FMISO PET scan wil recave 70Gy to the primary site and 60Gy to the
neck nodes folowed bya FDG PET/CT scanand observation

Cohort 2 of this protocol wil corsist of patients who are to recave surgcd resedion of
their tumor. Folowing this surgery, patients may or may not urdergo adjwant radiation
with or without concurernt chemotherapy, which is dependert on the pathologc feaures
of their disease. Within ths cohort, seled HPV+ turors that demorstrate no evidence of
hypaxia on a 18F-FMISO PET scan wil recave 306Gy to the surgcd bed and nedk lynph
nodes concurent with standard chemotherapy folowed by a 3 to 4-morth post-treament
ek dssedion In patierts who exhbit a conplete respose with this method of
treament, no futher treamen is necessary. For patients withn this seled group who stil
have pathologc nodal disease, further standard chemoradiation wil be gven Al other
patients in this cohort (i.e. those who are ot in the seled HPV+ tumor group autined
above) wil receve standard of caretreament folowing therr surgery.

Please mnote the 18F-FMISO PET imagng protocol is exadly the same for all patients on
this protocol, regardiess of cohort.
Scheme

1.1  Evalution determmation of cohort, and consert.

1.2 Baseire studies (standard of care) for head and nedk cacer.

1.3  Perform a pretreament FDG PET/CT scan for Cohort 1 petients.

1.4 Perform a recommended pretreament mutiparametric MRl scan for
Cohort 1 patients. Ths scan wil be used to derive a pixel-by-pixel
mappng  of true diffusion (D), perfusion fradion (f), and apperent
diffusion coefficiet (ADC) using avalable software when avaiable
(urless cortraindicated; for main campus only).

1.5 Prior to the inedion of the 18F-FMISO radiotrace, ched the patientd s
vital  sigrs.
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Perform a pretreament dynamic 18F-FMISO PET/CT scan This scan wil
be wsed to verify the constancy of the hypoxic regons withn the gross
tumor volume (GTVh).

A safety assessrert wil be performed: viial signs and a toxicity
asesgrert wil be conpleted mmediately after the scan sesson, and a
folow-up phore cal to assess for toxicities wil be doe on the rext
business day folowing the 18F-FMISO PET/CT scan (excluding holidays
and weekends).

An FFMISO PET image-guded core biopsy procedue of the nedk
nodes wil be performed after the last 18F-FMISO PET mage acqusition
for Cohort 1. This biopsy procedure wil only occur if the patient conserts
to the procedue and if the procedure is deamed appicable by the Principal
I nvestigator.

Sugcd resedion for Cohort 2 (ff it has ot aready occured) and
coledtion of the reseded tisse for the correlation of 18F-FMISO PET/CT
sgrel  with the degee of mnurohistochemica stainng of hypaxia
biomarkers.

Prior to the inedion of the 18F-FMISO radiotrace for the repea 18F-
FMISO PET/CT scan for patients deemed eigble for a repea 18F-FMISO
PET/CT scan, ched the patientGs vital Sigrs.

Perform a repea dynamc 18F-FMISO PET/CT scan ealy during the
couse of chenoradiotherapy (5-10 treament days after the start of
radiation therapy) for patients deemed eigble for a repea ®F-FMISO
PET/ICT scan Ths scan wil be uized to determre whether there is a
reduction of the 8F-FMI1SO-avid or GTVh within the gross tumor volume.

A safety assessrent wil be performed for patients who receved a repea
IB-FMISO PET/ICT scatr vital sigrs ad a toxicity assessrert wil be
conpleted mmediately after the scan sesdon, and a folow-up phore cdl
to assess for toxicities wil be dare on the next business day folowing the
18F-FMISO PET/CT scan (excluding hoidays and weekends).

An 18F-FMISO PET mage-guded core biopsy procedue of the nedk
nodes wil be performed after the last 18F-FMISO PET mage aoquisition
for Cohort 1. This biopsy wil only occur if the patient corserts to the
procedue and if the procedure is appicable as determined by the Principal
I nvestigator.

Perform  recommended approximately weekly MRl scas  during
treament, uress contraindicated, for main campus Cohort 1 patiernts. A
DCE-MRI is recomnmended between the first and second weeks of
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treament and between the thrd and fouth weeks of treamert, urless
cortraindicated, for main campus Cohort 1 patients. Subjeds with a
known cortraindication to the standard MRI cortrast agent (Gadavist; a
gadanumbased cortrast agent) and/or a recet estimated domeruar
fitration rate (eGFR) of 30 or less wil be excluded from all recommended
DCE-MRIs, and wil instead receve recommended non-cortrast MRIs at
the DCE-MRI time pairts.

1.15 Reoommended MRI scans, urless cortraindicated, wil also be repeaed at
3 norths, 6 morths, and 1 yea post-external bean RT for Cohort 1
patients. The time windows for these MRI scas wil be +/- 4 weeks. Orly
Cohort 1 patients onmain campus wil recave these recommended MRIs.

1.16 Perform a FDG PET/CT scan at 3 nmorths (window +/- 4 weeks) post-RT
for Cohort 1 patients. Perform a planred neck disedion at three to four
morths (+/- for weeks) post-RT for Cohort 2 patients who receaved
30Gy.

1.17 Stardard of care folow-up.

1.18 Longtudinal chart review for adverse event assessrert, locoregoral
cortrol rates and disease status as asesed through standard of cares
through two yeas post-treament for Cohort 1 and Cohort 2.

2.0 OBJECTIVES

Primary
1

Page90f43

To mprove the acaracy of hypoda magng for head and reck cacers through
pixel by pixel kinetic aralysis of 18F-FMISO trace of dynamic PET mages
(Cohort 1 and Cohort 2).

To detea on repea 1®F-FMISO PET/CT scans whether there is a reduction of the
BE.FMISO-avid or GIVh 5 to 10 days ito treament with standard
chenoradiotherapy for a series of locady advanced head and nedk cacers
(Coort 1).

To show thet it is feasible to deiver 70Gy to primary ste and 60Gy to the nedk
nodes in HPV+ patients who exhibit no evidence of hypoxia on their baseine 18F-
FMISO PET/CT scas or those who have ealy resolution of hypaxia on their
ealy repea 18FFMISO PET/CT scans (Cohort 1).

To show thet it is feasible to delver 30Gy to the surgca bed and nedk nodes in
low-risk HPV+ patierts who exhibit no evidence of hypaxia on their repea 18F-
FMISO PET/CT (Cohort 2).

To correlate the intersity of the 18F-FMISO PET sigral with the degee of
mnurohistochemica  stainng  of hypokda biomerkers for tisse obtained via
biopsy (Cohort 1) and surgcd resedion (Cohort 2): HIF-1U, Lysyl Oxidase, ard
Ki67 (anindependent marker of tumor aggessveress, anong others.
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Seoondary

1 To conpare turor heterogereity derived from pixel-by-pixel kinetic analysis of
PET scan and DWI-MRI (Cohort 1).

1 To assess changes in tumor heterogeneity over the course of external beam RT
wsing serial mutiparametric MR and DCE-MRI scas (Cohort 1).

1 To determre the patertial of DCE-MRI data as a priori or ealy markers of tumor
respose to chenoradiation as well as long term disease-free survival after
treament (Cohort 1).

I To assess normal tisse respase as a furction of dose for parotid, submandibuar
dands, muscles and bores in the head and nedk regon during and after EBRT
using serial mutiparametric MR scans (Cohort 1).

1 To bark spedmers for futher IRB/PB approved exploration of geretic analysis
(Cohort 1 and Cohort 2).

BACKGROUND AND RATIONALE
Hypaxia

Hypoxia is a charaderistic feaure of maigrant tunors that has been well estabished (1,

2). Urike hedthy tisses, mary tumors cortain a fradion of hypaxc cels, whch
mmurohistochemica  studies suggest corsist of nests of cels of Y to several hurdred

micrometers in diameter, located at poaly perfused locations within the tunmor (3). It is
well known that hypoxa renders tumor cels up to three tmes nore resistant to ionzng
radiation than aeobic cels (1-3). In addtion to increased radioresistance, hypoxa is
asciated with a nore aggessve and metastaticaly viable meigrant phenotype. It has
been shown in several studies to be an mpartant determinant of loco-regonal cortrol of
head and redk tumors (4, 5). Positron Emsson Tomogaphy (PET) is a nonnvasive
magng modalty with the padertial to idertify tumor hypaxia at bah gobal ad locd
levels through the use of hypaxia targeting moleades. If these hypaxic regons are
idertified, they may be spedficaly targeted with addtional radiation and perhaps
trarslate into further mprovement in loca cortrol.

18F- FMISO PET/CT Scan

A receatly developed PET imagng-based hypaxia meassurement tedrigque using 8F-
FMISO can dded and quartify hypoxic regors within a tuor (6). Misondazole is a
hypaxic cel radiosersitizer, whch is preferentially and metabdicaly reduced and
ertrapped withn hypaxic cels and not aeobic cels. An 18FFMISO PET/CT scan is a
nonnvasive imagng  method in  deteding tunor hypada. In a R332Z7-AT Dunng rat
prostate tumor model at Menworial Soan Kettering Cancer Center (MSKCC), microPET
imagng of ®F-FMISO has been wsed to ceted tumor hypoxia, folowed by direa pO2
verification ofthe hypaxic regons by wsing the pO2 Oxyite probe.

PET studies uwsing hypaxic markers have also been performed in patients at numerous
institutions  (e.g Rasey et al) (6). A phase | trial of using concurert tirapazamre, a
hypaxic cel sersitizer, cisplatin and radiotherapy in the treament of advanced head and
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neck cacer has been doe at the Peter MacCalum Carcer Institute in Australa (8). All
patierts urderwert 18F-FMISO PET to povide evidence of tunor hypaxia. Al patients
also had baseine FDG PET scans and the scan was co-regstered with the 18F-FMISO
PET. 18F-FMISO PET scas in ths study were obtained 2 hours after radiotrace
admnistration Al PET magng was performed on a dedicated PET scanrer with the
data processed uwsing nmeasued attenuation corredion and iterative recorstruction
Fouteen at of the 15 mmtiernts studied had detectable hypaxia on baseine 18F-FMISO
scan with foca abrormelty corresponding to a regon of increased FDG uptake in either
the primary lesion or the nodal mass In all cases, the intersity of 18F-FMISO uptake was
less than the correspoding FDG abrnormeity. On the co-regstered PET mages, in the
reaotic lesiors, evidenced by certral photopenia on FDG PET, ®F-FMISO was
distribted only at the inrer border of FDG uptake, whereas in lesions without necarosis
on FDG PET, ony the cerral part of the metabdicdy adive lesion had ®F-FMISO
retertion In all but orly ore of the 14 cases with an intialy positive 18F-FMISO PET
showed conplete resoluion of the abrormeity withn 4-5 weeks of treament. The
pattern of 8F-FMISO uptake was corsistert with the expected pattern of hypaxia in
tunor tisse being adjacet to areas of tumor neaosis or in the center of non-neactic
lesiors.  The rapid normalzation of 18F-FMISO PET suggests succesdsu treament of the
hypaxic conmpaonert.

We have performed preiminary cincd studies with 18F-FMISO obtainng PET mages
at 2.5 hours post-inedion for 20 head and nedk cacer patierts (MSKCC 04-070. These
studies focused first on determiing the corstarcy of 18F-FMISO PET mage sets when
repea scas were performed 3 days apart (an esertial pre-requsite for IMRT dose
pairting. Preimirary resuts denorstrated that imagng of hypaxic subvolumes (GTVh)
is feasble and that reproducible zores of hypoxic trace uptake are observed (7). We
also performed a third 18F-FMISO scan on patients at fouwr weeks into their radiotherapy
treament (MSKCC 04-070. The objedive of ths thrd scan was to determre whether
tumor reoxygeration occured, as indicated by no 18F-FMISO uptake, or whether hypoxia
persisted throughout treament. Ou finding from ths second cinicd study objedive, as
evidenced by 1820 patierts exhbitig no 8F-FMISO uptake, was that hypoxia is no
longer evidert late ino a course of radiotherapy. Patierts in ths cohort experienced at
95% nodal cortrol rate (9). The posgbity of tumor reoxygeration ealy during the
couse of fradionated radiotherapy canrot be owverlooked. Therefore, in the curent
version of this protocol, our goal is to perform a repea 8F-FMISO PET/CT scan ealy in
the couse of standard chenotherapy and fractionated radiotherapy (5 to 10 treament
days) for a series of localy advanced head and nedk cancer patierts (Cohort 1). If these
repeat scas also demorstrate no evidence of residual 18F-FMISO uptake ealy in the
couse of fradionated radiotherapy, ths informetion wil have major mpications for
hypoxia-guded fractionated radiotherapy.

In summary, hypoxia is a charaderistic feaure of maigrant tumors that can render turor
cels wp to three times nore resistart to ionzng radiation than aerobic cels. With the
we of F-FMISO PET, a noninvasive imagng modaity, hypoxic subvolumes (GTVh)
withn a tumor can be idertified. If these hypaxic regons are idertified and verified,
they may be spedficaly targeted by the deivery of more ionzng radiation to that
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spedfic regon  Ultmately, by the delvery of a differertial dose of radiation to the
tumor, the locd cortrol ratesof head and nedk cancer patierts may further bemproved.

Mutiparametric MRl

MRI is a rmoninasive tedique uizd to assss norphologcd and physiologca
changes in tumor and irradiated normal structures. In this study we wil be taking a series
of mutiparametric MR images arourd the same time as 18F-FMISO PET/CT that wil
erable a dired comparison between PET definred hypaxia volume and MR defired tumor
volure. The excelent soft tisse cortrast wil aid in improved normal tisse contouring
of saivary dands and Ilnph nodes whch wil utmately help in futher sparing of
normal  structures  during externral beam  plannng  Smiar  imnobiization  techriques
employed duing CT smuation and MR scan wil help in co-regstering MR mages with
CT and PET scars, when avaiable.

Radiation of the head and neck can irreversibly damage oral mucosa, vascuature, muscle
ad boe resuting in xerostoma, dental caries, trismus, soft tisse neaosis ad
osteoradionecosis. A change in intensity or image texture over the course of radiation
obtaired from these MR scas may be an indication of radiation damage to these
sersitive  structures.  In addtion, we hypathesizz that perfusion and diffusion changes
observed in tumor and normal structures coud bedaose dependert.

DW-MRI

DWI-MRI measures differences in tisse microstructures based on the random Brownian
nmotion of water nolecdes in biologcd tisses. It quartifies the degree of restriction of
water diffusion or tisse diffusmMty and has the paential to differertiate benign lesions
from maigrant tunors. The quartitative measwre of water mohity is cacuated in terms
of apparent diffusion coefficient (ADC) by varying the diffusion weighting or db Gvalues.
Turors with more dersely padked tumor cels and more cel menbranes have a lower
ADC due to geder restriction to diffusion Non-turoral tisse changes such as edemg,
inflammetion, fibrosis, and necosis typicay have low ceduarity and resut in high ADC
(28, 29. In addtion to noleadar diffusion of water in biologca tisse, microcircuation
of blood (or fperfusiond) in the capilary network can also be captured using low & 6
valles. DWI-MRI wsing bah low and hgh b values (also caled intravoxel incoherert
nmotion sequerce or IVIM) gves a quartitative measure of true diffusion (D) and
perfusion fracion (f) (30) without the use of an intravenous cortrast agen.

DWI-MRI has been succesduly appied for various disease sites. Its cinca appications
in head ad redk cace have been in differentiating maigrant tumors from benign
lesiors (31, &), charaderiazng and stagng of lynph nodes in the head and nedk regon
(33) and monitoring tumor respose (34, 35, 36, 37). A few studies have investigated the
saivary dand respose based on changes in ADC value (38, 39). Malgmart tumors
wsualy show low ADC valles conpared to bengn tumors. A mean cu-off value of
1.2d10-3 for adut tumors and 1.2%10-3 for pediatric head and neck tumors has been
shown to distingush letween meigrant and benign tumors with 87% and 92.8%
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acaracy, respedively (5. Dirix et al have shown superior acaracy of DW-MRI
compared to conwertional imagng in nodal stagng where DW-MRI was shown to agee
with pathology with a sersitvity of 89% and spedficity of 97% per lynmph node (393).
Changes in ADC valle have been shown to correlate sigrficatly with 2-yea locd
regoral control based on mutiple MRs taken over the course of chenotherapy (34, 35).
In a chenoradiation setting efficacy of ADC was investigated for prediction and ealy
detedion of treament respase. Changes in ADC, compared with pretreament value,
after the first week of chemoradiation therapy have shown high sensitvity and spedficity
in separating conplete respanders from partial respanders (36).

Very few studies have looked at the uiity of DWI for normal tisse respose. Dirix et al
ad Zharng et al have looked at radiation induced changes in mgjor salivary dands using
DWI. ADC changes were inversely related to saivary flow measurements and may
represat a sersitive marker of salvary dand dysfurction Both these studies have shown
paertial to predict radiationrinduced xerostoma. A more receat study from our group
looked at the efficacy of pre-treament mutmodaity imagng corsisting of MRS, DCE-
MRI and FDG PET (40) in head and neck cancer patients to predict short-term respanse
to treament. We are not aware of any studies that have looked at 18F-FMISO and DW-
MRI for turor heterogeretty in head and nedk cacer patierts. In ths study, when
posshle, we wil oktain a MR scan before (Cohort 1 and Cohort 2 main campus patierts),
approximately weekly (Cohort 1 main campus patiernts orly), and post-external beam RT
at 3 months, 6 morths, and 1 yea after external beam RT (+/- 4 weeks; Cohort 1 main
carpus patients only), urless cortraindicated. We wil evaluate changes in turor
heterogereity between PET and MR scas as markers of turor respose. Changes in
perfuson and diffusion fradion for normal structues from seriall MR scans over the
couse of radiation therapy wil enable us to evaluate markers of radiation-induced aaute
and long term toxicities.

Treament for Head and Nedk Cancer

Curertly, there are several approades in the treament of head and redk cacer.

1. Defintive chenoradiation where both the primary turor ste and the nedk nodes
recave 70Gy. In patients in whom a conplete nodal respase is adieved with
ths treament, no futher treament suchasned disedion is needed.

2. Defintive chenoradiation where the prmary site recaves 706y whie the nedk
nodes receve a lower dose of radiation at 60Gy instead of 70Gy. This treament is
then folowed by aFDG PET/CT scanand cortinued observation.

3. Sugcd resedion of the tumor. Folowing this surgery, patients may or may not
udergp adjuwart radiation with or without concurent chenotherapy. The
uization of radiation and/or chenotherapy folowing surgca resedion is
deperdert on the stagng and pathologc feaues of the disease/reseded tisae,
among other risk fadors.
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Although a high loco-regonal cortrol rate of >90% is seen for oropharynged carcinoma
treged with chemoradiation, patients stil experience sigrificat acie and late toxicities
(13, 45. These toxicites are particdarly concerning corsidering the increasing
prevalence of HPV-associated head and nedk carcinoma (42), particuarly those of the
base of tonge and torslar stes (bath anatomica sites of the oropharyny) in individuals
ages 20-44 in the Unted States (46). Ths latter statistic wil utimately coincide with
longer-lasting  long-term  norbidities associated with  OPSCC-targeted  chemoradiation,
whch may have sigrificat social and financial mpications in the fuue (45) and an
adverse effed on the long-term quelty of ife of patients who urdergo this treament.

Gven the recet rise in HPV-related oropharynged carcinoma and the toxicities
asciated with the standard treament course for ths disease, an investigation into the
efficacy and safety of treament de-escdation to reduce the morbidity associated with the
treament of ths disease is warranted. Ths is particuarly true for the cohort of patients
who present with HPV-related oropharynged carcinoma, as these patients are more likely
to be younger and hedthier than those presenting with non-HPV-related disease. When
meking the determination of whch patients shoud urdergo a less interse treamert
regment, it is mpotant to meke an evidence-guded selection This cohort shoud aly
include patients most Ikely to: (1) respod efficadowsly to treamert reduction, and (2)
meximaly  bereft from a deaease in treamert-related toxicities. Otherwise,
urwarrarnted turor recurrences may resut.

A nurber of inwestigations have estabished thaet the progrosis of patients with HPV -
related oropharynged carcinoma is superior to that of patients with non-HPV-related
oropharynged carcinoman (41, 44, and 47). In addtion to HPV status serving as a
mediator of overall progrosis and treamert respanse, it is well known that the presence
of hypaxia renders tumor cels Y to three times nore resistart to ionzng radiation than
aegobic cds (1-3). Hypoxa is also associated with a more aggessve and metastaticaly
viable meigrant phernotype, and has been shown in several studies to be an mpaortart
determnant of loco-regonal cortrol of head and nedk tumors (4, 5.

At ou irstitution, we have an adive hypaxia magng protocol, MSKCC IRB# 04-070,
for all head and nedk tumors regardless of HPV status. The first 20 head and neck cancer
patients that were erroled in this protocol were all treaed with 706y to bath the primary
ste and the neck nodes. An exceptionaly high locoregoral cortrol rate of 95% was seen
with a nodal cortrol rate of 95% as wel (9). Futhermore, all but two patierts had
resolution oftheir baseine hypoxa onrepea 18FFMISO PET/CT magng.

When corsidering the evidence regarding HPV status and the effeds of hypaxia on tumor
respase, it can be inferred that oropharynged carcinoma patients with the most superior
progosis are those who med the folowing criteriac HPV-related and no evidence of
hypoda. Therefore, gvert (1) the rise in HPV-related oropharynged carcinoma, (2) the
signficace and buden of oropharynged carcinoma treament-related toxictties, and (3)
inhouse data where hypoda respose correlated with high loco-regoral cortrol, the
curert verson of this protocol seeks the folowing for seled patients in Cohort 1
(patierts receving chemoradiation without surgcal resedion):
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A. to gve HPV+ oropharynged carcinoma patients who demorstrate no evidence of
hypaxia on a 18FMISO PET/CT scan the option of an alterrative standard
approach to the treamert of oropharynged carcinoma through delvering 60Gy to
the nedk nodes folowed by a FDG PET/CT scan The primary site wil receve
706y, ad these mtients wil urdergp standard chemotherapy regmers.
Delverig 60Gy to the neck modes folowed by a FDG PET/CT scan amd
cortinied observation does ot deviate from ore curent standard of care, and
alows for the abity to deiver a lower dose of radiation to the nedk with the goal
of mnmizng radiation toxicties whle emsuing that no  urwarraned
compromse to the aready excelent loco-regoral cortrol in this popuation
occus. Al the magng studies wil bedore exadly per protocol.

Smiar to oropharynged cacer, rates of the oncogenc HPV-16 subtype have been
demonstrated to be presert in as many as 79% of HPV-related anal carcinoma cases (53).
In the ealy 197G, investigators at Wayre State Unwversity demorstrated that aral
carcinroma (Nigro Protocol) coud effedively be treated preoperatively with a concurrert
couse of chemotherapy with 30Gy (56). Resuts demorstrated 84% of patierts to be free
of caxcer folowing treament per the Nigro Protocol, suggesting 303y coud effedively
trea carcinomas when admiistered corcurertly with chemotherapy. Furthernore, a
79% five-yea owverall survival rate was denorstrated (48). When uizng salvage
therapy in the setting of treament falue with the Nigo Protocol, rates of succesdu
treament response, as defined by no evidence of disease at a mean of 34-morths folow-
W, have been dacumented to beashigh as95% (49).

When uizng a combination of surgery, radiation, and chenotherapy for HPV -related
oropharynged cacers today, a nurber of caxcer treament certers often omt radiation
to the primary dsease site in low-risk patierts whose surgca margn is negative. When
takig ths into corsideration with the evidence of HPV status on turor resporse,
hypaxia on tumor respose, and the work that has been dare in aral carcinoma, it can be
inferred  that low-risk HPV+ oropharynged carcinoma patients treded intialy with
sugca resedion of their primary disesse ste may optimaly respod to 30Gy with
concurent standard chemotherapy. The curent version of ths protocol seeks the
folowing for seled patients in Cohort 2 (patients receving surgcd resedion of their
cancer):

B. to gwe a seled HPV+ tumors an alferretive treament for oropharyngeal
carciroma. Ths selea cohort wil be comprised of patients who mee all of the
folowing criteria:

1. resedion of their primary turor site

2. low-risk HPV-related oropharyngeal carcinoma

3. cenorstrate no evidence of hypaxa on a®FFMISO scanobtained 5-10
treament days into radiation therapy
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These patients wil urdergo post-operative standard chenotherapy regmens and
30Gy to the surgcd bed and nedk nodes. A planred nedk dissedion three to four
morths  post-treament wil be gven Shoudd there be any evidence of residual
disesse at the time of ths nedk disedion addtioral chemoradiation wil be

gven

Please note thet intially ths plot trial waswritten for 35 matients and after a
meding requested by the IRB with the Pl and the coPlI's, and with the advice from
the IRB, it was dedded to close the trial at patient 19 and write anew trial for
cohort B. This rew trial is MSKCC IRB 17-409.

I mnurp histochemistry

Several studies examined the relationship between pl6 expresdon by IHC and HPV
DNA wviral load by redtime PCR and foud gea correlation  These studies all
unformly showed that either is a good pogrostic marker for treament oucome. RTOG
0129 was a large randomized cortroled cinicd trial that was recetly pubished for head
and nedk cacer of which there was a large tisse sanple size that examred the relative
strength of HPV DNA using in situ hybridization vis-a-vis p16 IHCas a prognostic
marker (13). The study also showed that there was a very strong agreement
between the presence of HPV DNA and pl6 expresson in head and neck tumors.
Results of analyses using pl6 expresson as a stratification factor were consistent
with those based on HPV status. Gven pl6 expresson measured by IHCis a
relatively simple procedure, we will stratify patients based on pl6 status. Thisis
also convenient for the patients as we will not have the need to subject the patients
to further biopsy for HPV DNA analysis.

Ore mportant charaderistic of tumor developmert is angogenesis.  Induced by

hypaxia, the tumor cels seaeteavariety of cytokines and growth fadors that induce
proiferation (evidenced by oerexpresson of Ki-67), mgration, and blood vessel
formation (23-25). Ki67 is one known progrostic marker in head and nedk squamous
cel carcinoma (HNSCC) ard is inversely related tothe presence of hypoda. The

rationale is that a stronger and nore widespread Ki67 stainng intersity sigrfies a
higher fradion of proiferating cels in the tumor. Since ceular proiferatio n

either does not occur or is gedly reduced withn hypaxic tisse, we exped that high Ki-
67 stainng shoud be acompaned bylow or absert 18F-FMISO mage intersity and vice
versa.

Celdar respose to hypoxia is reguated primarily throuch the transcriptional fador,
hypaxia-inducible  factor (HIF-1U), which is the certral mediator of the angogenic
resporse in hypoxia. Studies have shown that the dysreguation of HIF-1 Uray play a
role in the meigrant progesson of HNSCC (24, 25. Overexpresson of HIF-1 Uhes
been repoarted asan independent  progrostic fador in HNSCC and is associated with poor
progrosis aswell aslocaly aggessve behavior of HNSCC. In ore series where acohort
of 98 patierts were treaed with curative radiation therapy for their oropharyngeal cacer,
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94% showed overexpresson of HIF-1 Us determired by IHC (24). The degee of HIF-1 U
correlated inversely with bath the rate of complete remsson of the primary turor as well
asthe ynph node metastases; loca falure-free survival, disease-free survival, and

overal survival. They corcluded thet HIF-1 (b overexpressed in the vast mejority of
oropharyngeal cancer and that the degree of expresson has progrostic  sigrificance in
individuals urdergoing curative radiotherapy. In addtion, studies on gene expresson

have shown hypaxia induces metastasis- mediated genes. The overexpression of the
recatly idertified lysyl oxidase (LOX) asahypoxa and HIF-1 Weglated gene was
strondy associated with increased metastasis, progresson and OS (26, 2. LOX has
been mplicated asamarker for metastasis and OS for HNSCC.

Ths is the first human study that that uses a nonrinvasive magng techngue for hypaoxia
(*8F-FMISO PET/CT) for the purposes of immurohistochemistry (IHC) correlation for
tisse markers of hypaxia. To dhte, nealy 20 hopsy spedmers have been obtained on
ths protocol where an intervertional radiologst biopsied areas that demonstrated high
18F-FMISO uptake on the 18F-FMISO PET/CT scan However, intial resuts from these
biopsies have denorstrated that nealy 50% of these spedmers did not contain tumor
cels, despte being obtaired from bah FDG avid and 18F-FMISO avid regors. Orly
stromal, fibrous, and lynphoid tisses were able to be idertified. In order to overcome
the sanping error associated with small needle biopsy, we wil obtain more turor tisae
without deviating from curent standards of care for head and nedk cacer. Gven that
ore curert standard in the treament of loco-regoraly advanced oropharynged cacer is
sugca resedion using the robdic surgery tedirigue, we plan to uiz the surgcd
spedmers of these patients for or IHC hypaxia studies. Furthermore, we wil image
these patients with an 18FFMISO PET/CT scan prior to their standard of care
pretreagment surgca resedion in order to correlate hypaxia on imagng with [HC
performed on therr sugcd spedamen The surgeons performing these surgcd resediorns
wil be asked to orient their surgcd spedmen acarding to the 8F-FMISO PET/CT.
Patierts urdergoing this standard of care surgcd resedion wil make up Cohort 2 of this
protocol.

In summary, we wil perform the first human study of 18FMISO PET image-guded core
biopsy of nedk node(s) in bath HPV paositive and negative HNSCC (for Cohort 1 patierts
that comsert to this optional biopsy). Addtioral tisse wil be coleded from patients who
wil urdergo surgcd resedion of their HNSCC per standard of care (Cohort 2). We wil
correlate the intersity of the 18F-FMISO PET sigral with the degree of IHC stainng of the
folowing hypada biomerkers, among others: HIF-1U, Lysyl Oxidase, and Ki67 (an
indeperdent marker of tumor aggessveress).

4.0 OVERVIEW OFSTUDY DESIGN AND INTERVENTION
4.1 Design
PROTOCOL SUMM ARY
TIMBPO INT COHORT 1 COHORT 2
All Patients All Patients

Pretreatment
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1) Patient simulation.
2) FDG scan with immobilizat ion.
3) Reommended pretreament M R scan with
imnoblizetion when possible (unless
contraindicaed, for main campus only).
4) 18F-FM 190 scan(only 1 injedion). Patient
iniecded onthe PET scanner:

(a) Dynamic scan from 0-45 min

(b) 10 min scan a abou 90 min

(c¢) 10 mn scen a abou 150-180 min
5) 18F-FM IS0 image-guided  core biopsy

(optiond, if cons ented)

1) 18F-FM I1SO scan (only 1 injection).
Patient injeded on the PET scanrer.
(@) Dynamic scan from 0-45 min
(b) 10 min scan a abou 90 min
(c) 10 min scan a abou 150-180
min

Sded Patients

1) Repea 8F-FM IS0 scan(only 1 injedtion) that
ocaurs 5-10 treadment days after RT start*. Patient

injected onthe PET scanner:
(a) Dynamic scan from 0-45 min
(b) 10 min scan at abou 90 min

Patients who Receve Radiation

1) Repea 8F-FM IS0 scan(only 1
injedion) tha occurs 5-10 treament
days ater RT start*. Patient injeced on

the PET scanner:
(a) Dynamc scen from 0-45 mn

Trzl;'[:r?gnt (c) 10 mn scen a abou 150-180 min (b)10 n_in scan a abou 90 min
2) 18-FM IS0 imege-guided  core biopsy (c)10 mn scenat ébout 130-180
(optiond, if cons ented) min
3) Reomnended approxmetdy weekly MRI
when possible (unless contraindicated, for main
carpus only). Reoommended DCEMRI between
treament weeks one and two and between
treament weeks three and four, when possible.
All Patients Patients WWho Recéve 30Gy
1) Reoommended MR Scans a 3, 6, and 12 nonths 1) Ned dissection three tofour months
Post- (+/- 4 weeks) post end of RT (unless post-chemoradiation (+/- 4 weeks).
treatment contraindicated, for main campus only) (@ If noresidud disease, standard

2) Longtudinal chart review for two yeas post RT
for adverse event assessment and diseas estatus

of cae
(b) If residud disease, booster dose
of chemoradiation
2) Sandard of cae

Plesse mnote that a window period of 510 treament days was chosen to accomnodate
hoidays, weekends, and patiert scheduing isses. Also, note that the repea dynamic 8F-
FMISO scan is performed ealy during the course of chemoradiotherapy (5-10 treamert
days). For Cohort 1, this scan wil be used to see whether there is a reduction of the 18F-
FMISO avid or GTVh within the gross tunor volume. For patierts in Cohort 2 receving a
repea scan, this reped scanwil be used to detedt tumor hypoxia.

Safety measurements of typicd vital sigrs, such as oral body termperature, respiratory
rate, heat rate, and Hood pesare wil be performed kefore the admnstration of 18F-
MISO, and at the end of ead 18F-MISO PET/CT scan sesson The patiert wil also be
asessed for adverse everts at the end of the 18F-MISO PET/CT sessgors. Addtioraly,
ore business day (excluding hoidays and weekends) folowing the completion of the 18F-
MISO PET/CT scas, patierts wil recave a folow uyp phore cal to assess adverse
everts.
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Rationale for Chancg in 18F-FMISO PET/CT Imagng Protocol

The preiminary 18F-FMISO PET image data acqured in patients with head and nedk
caces have shown variable hypaxia trace uptake at the fixed 2.5 hour time point used
in the intial study. In order to convert the 18F-FMISO images to parametric images of
tumor hypoda, a gouy in Tibingen Germary has receatly shown the mportance of
obtainng kiretic information of the trace in the turor (14-17) for an urambigous
interpretation of the hypoxa Images.

PET/CT Scan Protocol

Dyramic scas wil be aoqured on ore of the PET/CT scanrers quelfied by the
Department of Radiology and the Moleadar and Imagng Therapy Service at the main
hosptal of MSKCC. 3-D mode and with istmode option wil be turned ON. The
istmode option alows the patient data to be reconstructed in a cine mode (in variable
time frames) so that pharmacokiretics of turor uptake of the radiotrace can be studied.
The patient wil be set up in the radiotherapy treament postion with an inra-venous ine
for radiotrace inedion A PET/CT scan wil be performed with the tumor at the field
certer. These images wil be used for bah attenuation correction and regstration of the
serial mage set.

Approxmately 5-10 mCi dose of 18F-FMISO wil be ineded as a bdus, and the dynamic
scan intiated coincident with the inedion Data wil be aogured in dynamic mode for up
to a maximum of 45 mnues from the tme of inedion but may be shorter (e.g if the
patient is in discomfort in the mmohization device for this duration). The patient wil
then be renoved from the scanrer, and instructed to retun at approximately 90-minues
for a secord PET scan and again at approximatelyl80-minues for a thrd PET scan No
futher adtivity wil be ineded in the patiert at these times. The 24 and 39 PET scams
wil corsist of a 10-mnue mage of the turor. A low dose CT scan wil be performed at
ead of these two mage sessors for attenuation correcion and image regstration

In wp to 10 seleced matierts, the first segment of the scan shall be performed oser the

heat with the later segrerts stil being performed over the turmor. These scas il be
used to cdbrate the input furction currertly derived from the carotid artery.

MR Scan Protocol

Mutiparametric MR scans for Cohort 1 and Cohort 2 main canmpus patients wil be
performed on the Phips 3T scanrer located in the Department of Radiation Oncology
acarding to the standard IVIM departmental protocol and uization of the patientés
mnmobization device when the mmobization device is avalable and the patient agrees
to uiz it. DWI-MR mages wil also be aoqured acording to the standard 1VIM
departmertal protocol.

At the pretreament MR scan for Cohort 1 and Cohort 2 main campus patients, an
addtional scan wil be aoqured hbased on a reseach sequence provided by Phips (the
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mandfaduer of the madine on whch these MRIs occur) that wil alow visuaization of
corticd boes in the head and nedk regon and paertialy dfferertiate bone from air
sins cavty. This scan wil be used to evaluate the paertial of using MR alone images to
differertiate and segment normal tisses uwsed in radiotherapy treament plannng Ths
addtional sequence wil add an extra 5 mnues to the total scan time. This sequerce is
written, maintained, and updated by Phips. When an wpdate to this sequence occus, the
sequerce may become uravaiable for a few weeks, at which time the updated version is
instaled and tested interraly by MSK staff. Therefore, ths sequence wil ony be run
when it is avalable. The total pre-treament MR scan duration wil be approximately 30-
60 mnues.

For Cohort 1 main carpus patierts, the folow-up MR scans, which wil occur during
corcurert chemoradiation, wil last approximately 20-40 mnues. Information coleded
from al MR scams wil not affed the standard of care, as baseine and past-treament
scas are curertly a compaorent of the standard of care. Addtional scars wil be acgured
on owr Phips 3T reseach scanrer. Images wil be sent to the reseach Pinrade
workstation for storage and evaluation These images may be used for cortouring of
normal  structures  during  the treament plannng pocess DW-MRI mages wil be
proceseed on the Phips reseach platform and correspoding diffusion and perfusion
maps wil be aralyzed for therapy response assessrert and treament plannng Spatial
changes duing treament wil also be evalated wsing furctional diffusion meps or
parametric respose maps. No cinca dedsion wil be made at ths parnt based on MR

findings.

PET/CT Image-aquided Core Biopsy (Optional T Cohort 1 Patierts Only)

The PET/CT scan wil be performed in the Center for Image-Guded Intervertion ad
Sugery at MSKCC, whch houses a PET/CT scanrer in an intervertional radiology and
operating room envronment. The PET mage-guded core biopsy procedue wil
conducted asfolows:

On the day of 18F-FMISO PET/CT imagng, patierts wil be ineded with the study
tracea, 18F-FMISO. After the final 18F-FMISO PET mage acgustion at ead visit
sesson (where appicable), biopsy sarmples wil be renoved from tumor tisse exhibiting
hgh and low 8F-FMISO uptake (if bath are avalable). These high and low 8F-FMISO
uptake regors correspond to puative hypokdc and normoxic regons, respedively.
Parametric mage maps wil also be retrospedively gererated from compartmental
models that define the rate of 8F-FMISO radiotrace entrapment. These values wil be
uwsed, in addtion to the percert ineaed dose per gam for correlation with IHC of
hypaxia spedfic markers.

The aforemertioned biopsy samples wil be oltained by an intervertioral radiologst
acarding to the feaues of the 8F-FMISO PET/CT images. 1% ldocaine wil be used
for locd aresthesia suppemented with mdazolam and fertanyl citrate for Ight corscious
sedation The biopsy readle wil be placed in paosition to renove core biopsy material of
the node(s), and the patient wil have an addtional low dose CT to visuaize the biopsy
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reede trajedory ad location In ths way, we wil obtain information of the exad
location of the biopsy spedmen in regard to the CT ard therefore co-regstered PET
mage. If movement shoud occur between bopsy locaizer CT and the CT attenuation
scan, then these two CT images wil be co-regstered using mutual information censity
software. Immediately folowing biopsy, the spedmen wil be properly oriented ad
pinred. Based upon pubished experience, discusson with other investigators, and our
own experience of ohbtainng tisse prior and during treament, we articipate it wil take
approximately fifteen mnues to perform ead biopsy. The speamen acagured from these
tumor samples wil be taken for paraffin embeddng, fresh frozen (if patient consents to
any of optional barking studies), and hstologcd processng to ou Pathology
Departmert. Ten 5un thick sedions from paraffin tumor blocks or core sarmples wil be
deparaffinzed and rehydrated, and stored at 7 8 OC urtil processng IHC aralyses wil
aso be performed for the folowing hypoxia relevart biomerkers, among others: HIF-1U,
LOX, ad Ki-67.

Pretreament Sugcd Resedion (Cohort 2 Patients Only)

The elgble patient wil udergp a pre-sugery FDG PET scan and an 18F-FMISO
PET/CT scan Folowing these pre-sugcd scaws, the patient wil urdergo hs/her
standard of care surgery. The surgeon wil anrotate the location of ead sanple reseded
from the leson by a text description for docurertation of relative postion  The
spedmen wil be embedded in paraffin in an orientation that wil alow sedioning
paralel to the magng pare of the PET/CT mage. Tisae sedions wil be stained with
H&E, hypaoda spedfic, and proiferation markers uwsing the same procedues as the
described for the biopsy spedmens in this protocol.

Biospedmen Sanples

Biospeamen sanmples from Cohort 1 (olbtained via biopsy) and Cohort 2 (obtained via
sugca resedion) wil not used for diagrostic purpose. They wil instead be uiized for
a reseach pupose. They wil be labeled with de-identified subjed IDs, intials, date and
time of speamen coledion, and vist time part, which are inked to the idertifiable PHI
ad wil be kept corfidertiad. The participartés persoral idertity wil not be used in
reparts thet are written abou the reseach The MSKCC IRB/PB wil review all requests
for reseach performed involving tisses ascertained through this protocol. With the
permsdon of IRB/PB, reseach studies on ceuar, geretic, mmurologc, or other
feaues of tumor or normal sanples may be performed with no names attaded to the
sanples but nked by codes to persorel idertifiers. The resuts of any reseach using
tisses wil not beplacel in the medicd record.

HIF-1 U
IHC stainng wil be performed on biospeamen sanmples using the artibody against HIF-
1 U(Nowss Biologcds, Littleton, Colorado, diuion 11600) uizng peviowsly reported

tediques. Briefly, 4 micron formain-fixed paraffin embedded tisse sedios wil be
mourted on Superfrost Plus sides, deparaffinzed with xylene and rehydrated. Tisse
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wil be then avidinbiotin blocked with blocking kit (Vedor SP-2001). For HIF-10,
DakoCytomation catalyzed sigrel anpification system (Dako, K1500) wil be used
acarding to the mandaduer drediors. Sides wil be courterstained with hematoxyin,
dehydrated and cover-sipped. Only the nuwlear staining for HIF-1 Uwil be corsidered a
postive resut. Expresson of HIF-1la wil be determned by semi-quartitatively assessng
the percentage of marked tumor ceds and the stanng inersty to cdcuate an
mnuroreadive score (IRS). Therefore, the percertage of positive cels wil be rated as
11 10% paitive cels (1x), 11i50% paitive (2x), 511 80% paitive (3%), and > 80%
postive cds (4x). The staining intersity wil be scored as wea (1%), noderate (2x), and
intensive (3x). Scores for expresson and scores for percentage of positive cels wil be
mutiplied to cacuate anIRS rangng from 0 to 12.

Lysyl Oxidase

5em formainfixed paraffinenbedded tisses wil be deparaffinzed in xylere, then
rehydrated before artigen retrieval by microwaving in sodum citrate buffer (pH 6.0). The
sides wil then be incubated with a peroxidase block, folowed by the primary antibody
lysyl oxidase (LOX) acaording to the conmpanyGs protocol. After hematoxyin
courterstain, the sides wil be cover sipped. Cytopasmic stainng wil be considered as
postive. The intersty and propation of mmurostainng wil be scored on a
semiquartitative  six-part scale. Negative sanples wil receve a score of 0, whereas
weak, moderate, and interse stanng samples wil recave a score of 1, 2, or 3,
respedively. For the percentage tumor cel positivity the folowing scoring wil be used:
negative=0, 1i 25%=1, 25/ 50%=2, >50%=3. Both the stainng intensity and percertage
positvity scores wil be summed and tumors with scores rangng from O to 5 wil be
asdgred to gouy Odow lysyl oxidase, whereas those with a score of 6 wil be assgred

togouw 1=hgh lysyl oxidase.
Ki-67

5¢em formainfixed paraffinembedded tisse wil be sibjeded to IHC for Ki-67 stainng
wsing the MIB1 mouse mAb (Imnurotedh, Westbrook, ME) at a 1500 diuion Standard
avidini biotiri' peroxidase  complex tedriques wil be used. Artigen retrieval in heded
citrate bufer at pH 6.0 wil be appled. Sides wil be courterstained with hematoxyin
Ony nwlea stainng of tumor ces wil be considered positive. Ki67 expresson wil be
determired by semi-quartitatively assessng the percertage of positive tumor cels.

Tisse Barking

With the patiertés comsert, we wil bark the addtional and left over tisae after the
biopsy (Cohort 1) or surgcd resedion (Cohort 2) in Tisse Procurement Service (TPS.
To futher access this tisse, we wil suomt a plan to the Human Biospeaman Utiization
Commitee (HBUC). For retrospedive feashbity studies, tisse use at MSKCC is
goverred by the HBUC. The HBUC has trans-departmental and mutidiscipinary
represertation As instittional pdicy, the HBUC wil gve spedal consideration to
tisses requested for correlative aralysis as part of a cinicd trial, or to develop a tisse
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bark at an acalemc institution, cooperative goup or corporate ertity. Whie the
speamens for this protocol wil reside in loca repositories, we wil revertheless seek
HBUC approval for use of the resources in ths study as other investigators in the Certer.
We recogrnizz that spedmen resouces are utimately institutional resources, wherever
they are stored and by whatever meas they are ascertained. Approval by the HBUC
commitee wil folow institutional standards. Each spedfic reseach use propcsed for use
of these barked speamens wil be reviewed in the context of the scientific study design
and human subjedso protedion mplications.

In a series of check baxes at the end of the comsent form, patients in bath Cohort 1 and
Cohort 2 are asked if: 1) they permt their biospeamen to be stored and used in fuure
reseachto lean abou or prevert cacer or side effeds of treament, or to develop new
treamerts; 2) if they permt their sanples to be stored and used in fuure reseachto learn
abou, prevert, or trea diseases other than carcer; or 3) if they permi their samples, with
persoral idertifiers proteced, to be used for research abou interited genetic fadors; 4) if
they permt their samples to be used for geretic amalysis of the tumor and normal sanples
to lean abou the causes of cacer; 5) if they agee to be contaded in the fuure as part of
reseach studies for addtional hedth infformation or to be asked to participate in fuure
biospedmen reseach studies; 6) if they corsert to be cortaded to discuss reseach
fidings that may come from their sanple; and 7) if he/she (the patiert) is not avaiable
(e.g deceaed), if they wish to have their desigree desigmated on the consert form to be
cortaded.

Participarts wil not be provided with spedfic resuts of reseach tests performed on their
coleded human hiologc spedmers. With their permisdon, the patient may be contaced
in the fuuwe to ask if they are inerested in joinng new biospedmen research studies, if
they woud corsert to research that woud alow updates of their hedth status and if they
corserted to be contaded to discuss reseach findings which may come from their

sanmple.

It wil be stated that reseachers at MSKCC may either keep indefintely or dispose of
any tisses, including DNA that the sanples cortain Tisskes wil be stored with
idertifiers in seare tisse barks. It is stated that the sanples coud be lost or runed
because of medwancd falue, ad that MSKCC canrot guarartee that samples wil be
stored indefintely. The samples wil be store for as long as deered usefu for reseach
puUrpases.

The protocol comsert form asks participants for permisgon for re-contad to discuss
reseach findings if their samples are used in an HBUC projed and an incidertal research
finding is made that may be criticd to their prevertive care. If a participant agees to be
re-cortaded, he/she wil not be told the spedfic resuts of the research test, but wil be
informed that his/her sanples were used in a projed and a paential risk was urcovered.
If the participart is inerested in futher discusson of the research findings, he/she wil be
asked to come into MSKCC Cinica Geretics Service for courseing and spedfic genetic
testing
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In the evert an investigator sOreseach idertifies a finding thet he or she beleves shoud
be comnuncaed to the subjed, the investigator shall comnuricate this to the Cincd
Reseach Admnstration-IRB. The finding wil be reviewed by a goup conwered by the
IRB to determre whether the incidental finding shoud be discussed with the subjed. In
the evert that groyp convered by the IRB determines that the finding shoud be discussed
with the subjed, and the subjed has comsented to be re-cortaded, then the
treaingconserting physician shall be corntaded by the Cinca Reseach Admiistration:
IRB represertative and asked to refer the subjed to the Cinical Geretics Service for
further discusson of the research finding After appropriate courseing and corsert, the
Cincd GCeretics Service wil request permsson to corfirm the resut in a New York
DOH-approved laboratory prior to comnurication of the specific test resut. If the patient
is not avaiable (e.g deceaed), then the surogate desigrated on the corsert wil be
cortaded and the above wil occur.

The folowing information wil be provided to the Cinca Reseach Admristration-1RB
represertative and Cinical Genetics:

Participart Name/MRN #

Type of Biospedmen

Incidertal finding

Projed# (HBUC/Waiver #)that this analysis occurred urder

1 Coledion Protocol #
Clncal Geretics Service Cortad: ocrgapirb@mskcc.org

= =4 -4 -

4.2 Intervention

For patients in Cohort 1, there wil be no change or intervertion in a patientés treamert
regme wsing chemoradiation where bah the primary and the nedk nodes recave 706y if
the tumors are ot associated with HPV or if there is no resolution of hypaxia on their
repea 8F-FMI1SO PET/CT scan This is curertly ore accepted standard of care.

Patients in Cohort 1 with turors that are paositive for HPV who exhbited no evidence of
hypaxia on their baseire 18F-FMISO PET/CT scan or whose tumors have ealy
resolution of hypoxa on therr repea ealy respase 18F-FMISO PET/CT scan wil
udergo an alttermative treament where the primary turor site recaves 706Gy whie the
neck nodes recave 60Gy folowed by aplanred FDG PET/CT scan and observation

Selea Cohort 2 HPV+ tumors that demonstrate no evidence of hypaxia on an18FFMISO
PET scanwil recave 30Gy tothe surgcd bed and nedk lymph nodes concurent with
stardard chemotherapy folowed by a3 to 4morth post-treament nedk dissedion In
patients who exhibit acomplete respose with this method of treament, no further
treamen is necessary. For patients within this selec group who stil have pathologic
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nodal disease, further standard chenoradiation wil begven Al other patierts in ths
cohort (i.e. those who are not in the seled HPV+ tumor goup oulined above) wil
receve standard of caretreament folowing their surgery.

5.0 THERAPEUTIC/DIAGNOSTIC AGENTS
DCE-MRI studies wil be aogured wsing a fast muiti-phase spded gadent edo
sequerce. A Gaddinum-based agernt wil be uwsed for DCE-MRI studies. Ths is the
stardard cortrast agernt used with MRIs.
18F-FMISO is prepared and tested for quaity asaurance in this study at MSKCC or by an
equvalert queified suppier.  The radiopharmaceaticad is being uized in ths protocol
urder a MSKCC IND.
Radion.c lide dosimetry
Biodstribution chta on 18F-FMISO has been oltained for 60 patierts at the University of
Washingon, School of Medicine, and dasimetry was performed. The normal organ doses
absorbed folowing 18F-FMISO admnistration was pubished by Graham et al. (15) ad
is summarized in the table below.
Radiation Absorbed Doses to Organs folowing 18FFMISO administration
Target Organ Medan Dose Dose (cGy) Total Procedure
(mGy/MB q) per 10mCi (370 Dose (cGy)

MBQ) injedion Tracer + 3
attenuation CT
scans

Adrends 0.0166 0.61 331
Bran 0.00% 0.32 3.02
Breasts 0.0123 0.46 3.16
Gal bladder wall 0.0148 055 325
Lower Large Intestine 0.0143 0.53 3.23
Smdl Intestine 0.012 0.49 3.19
Somact 0.0126 0.47 3.17
Upper Large Intestine 0.0140 0.52 3.22
Heat Wal 0.01% 0.68 338
Kidney 0.0157 0.58 328
Liver 0.0183 0.68 338
Lung 0.00%9 0.37 3.07
M usde 0.012 053 323
Ovaries 0.0176 0.65 335
Pancress 0.01™ 0.66 3.36
Red M arrow 0.010 0.40 3.10
Bore Surfae 0.0077 0.28 2.98
in 0.0048 0.18 2.88
Slean 0.0163 0.60 3.30
Testes 0.0146 0.54 3.24
Thymus 0.01% 0.57 3.27
Thyroid 0.0151 0.56 3.26
Urinary Bladder Wall 0.0210 0.78 3.48
Uterus 0.0183 0.68 3.38
Bye Lens 0.0154 0.57 3.27
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[ Totd Body [  001% | 047 | 317 |

6.0

The orignal approved protocol MSKCC 04-070 corsisted of 3 inedions of 370 MBq of
18F-FMISO per patiert. The curent protocol inolves up to 2 inedions of 370 MBq of
18E-FMISO per patiert. The dose estmates derived from the University of Washingon
data were used to provide the dose from the sinde 10 mCi admiistration of 18F-FMISO
and were corfirmed by our piot study. The winary bladder wall is subjed to the largest
dose of 0.78 cGy. This is an imsigrificat addtion to the total therapeutic radiation dose
thet the patiert wil recave for his or her head and nedk cacer. In addtion the patient
wil recave a low dose CT attenwation scan ead cortributing an addtion of 0.9 cGy
whole body dose to the patient. The dose to the eyes from the combination of an 18F-
FMISO ad CT scan woud be 0.57 + (3X0.9) cGy = 3.27 cGy. Ths wil also not
sigrificatly add to the total radiation dose that the patiert wil receve from treament for
hs or her head ard nedk cacer.

Also note that these radiation doses are overestimates, becase the CT scan (and therefore
dose) wil ony appy to a sinde 15cm field of view surourding the lesion of interest.
For exanple, for patierts in which the lesion is remote from the eye, the lers wil only
receve a dose of 0.57 cGy resuting from the 18F-FMISO admnistration and nothing
from the CT.

CRITERIA FOR SUBJECT ELIGIBILITY
6.1  Subject Inclusion Criteria for Cohort 1 and Cohort 2

i Histologcady corfirmed diagrosis of head and nedk carcinoma  (excluding
nasopharynx, paranasal sinws, saivary, and thyrod maigrarcies). Arny urknown
primary squamous cell carciroma of head and redk with gross nodes is alowed
(2002AJCC)

1 18 yeas of age or older

Must not have receaved prior radiation therapy or chemotherapy for ths diagrosis.

1 Patiets who have had their primary ste tumor removed by surgery bu il
presert with gosdy erlarged lynph nodes are eigble for this study.

{1 Karrofsky performarce status O 70.

=

6.2 Supect ExclusionCiriteria for Cohort 1 and Cohort 2

1 Al nasopharyngeal, paranasal sinws, salvary cancer, and thyroid maligrancies

Prior chemotherapy or radiotherapy within the last three yeas

i Patiens that urderwent previous surgcd resedion for the same disease (except
for biopsy or surgery renoving pmary site tumor but stil present with grosdy
enarged lymph nodes)

9 Any prior radiotherapy tothe head and nedk regon

=
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1 Pregmat (corfirmed by serum b-HCG in women of reproductive age) or breast
fealing

6.3 Subject ExclusionCriteria for Optional Contrast M RIsi Cohort 1 Only

1 Suojeds with a known cortraindication to the standard MRI cortrast agert
(Gadavist, a g@addinumbased cortrast agent) andlor a receat estmated
domerdar fitration rate (eGFR) of 30 or less wil be excluded from al DCE-
MRIs, ad wil instead recave non-cortrast MRIs at the DCE-MRI time paints.

RECRUITM ENT PLAN (WITH LIMITED WAIVER OF AUTHORIZATION)

Patierts wil be evaluated by an attending physician from the Department of Radiation
Omcology and entered ato the study and into the appropriate cohort if they are
appropriate cadidates.  The attending physician wil oltain informed corsent from the
eigble patiert.

Potertial reseach subjeds wil be idertified by a menber of the patientGs treamert team
the protocol investigator, or reseach team at MSKCC. If the investigator is a member of
the treament team s/he wil screen their patientés medica records for sutable research
study participants and discuss the study and their paertial for erroing in the reseach
study. Potertial subjeds cortaded by therr treaing physician wil be referred to the
investigator/research staff of the study.

The Principal Inwestigator may also screen the medicd records of patients with whom
they do mot have a treament relationship for the Imited purpose of identifying patients
who woud be eigble to erroll in the study and to record appropriate contad information
in order to approach these patients regarding the posgbiity of erroling in the study.

Duing the intial conwersation hketween the investigator/research staff and the patiert, the
patient may be asked to provide certain hedth information that is necessary to the
reautment and errolment process  The investigator/research staff may also review
poartions of their medica records at MSKCC in order to futher assess eligbity. They
wil use the information provided by the patient and/or medica record to confirm thet the
patient is eigble and to cortad the patient regarding study errolmert. [If the patient
tuns ou to be ireigble for the reseach study, the reseach staff wil destroy all
information coleded on the patient during the intial conversation and medica records
review, except for any information that must be maintained for screeing log purposes.

In most cases, the intial contadt with the prospedive subjed wil be conducted either by
the treament team investigator or the research staff working in comsutation with the
treament tean  The reautment process outlined presents no more than minimal risk to
the privacy of the patients who are screeed and mnmal PHI wil be maintained as part
of a screaing log For these reasors, we seek a (partial) Imited waiver of authorization
for the puposes of (1) reviewing medica records to idertify patertial reseach subjeds
and ohtain information relevart to the errolment process (2) conversing with patients
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regarding possble errolment; (3) handing of PHI contained within those records ad
provided by the paertial subjeds;, and (4) mairtainng information in a screening log of
patients approaded (if appicable).

PRETREATM ENT EVALUATION

All patierts wil recave the necessary scas and tests acarding to the standard of care
for their head and nedk cacer.

TREATM ENT/INTERVENTION PLAN

For patients in Cohort 1, there wil be no change or intervertion in a patienté treamert
regme wsing chenoradiation where bah the primary and the nedk nodes recave 70Gy if
the tumors are ot associated with HPV or if there is no resolution of hypaxia on theirr
reped 18F-FMISO PET/CT scan

Patierts in Cohort 1 with tumors that are paositive for HPV who exhibited no evidence of
hypaxia on their baseire 18F-FMISO PET/CT scan or whose tumors have ealy
resoliion of hypoxia on their repea ealy respase ®F-FMISO PET/CT scan wil
udergo an altermative treament where the primary turor site recaves 706Gy whie the
neck nodes recave 60Gy folowed by aplanred FDG PET/CT scan and observation

Selea Cohort 2 HPV+ tumors that demorstrate no evidence of hypaxia on an18FFMISO
PET scanwil recave 306Gy tothe surgcd bed and nedk lymph nodes concurent with
standard chemotherapy folowed by a3 to 4horth post-treament neck dissedion In
patients who exhibit a complete respose with ths method of treamert, no further
treamen is necessary. For patients within this seled group who stil have pathologc

nodal disease, futher standard chemoradiation wil begven All other patierts in this
cohort (i.e. those who arenot in the seled HPV+ turor group oulined above) wil

recave standard of caretreament folowing their surgery.

Please note that for patients who receve a repeda 8F-FMISO PET/CT scan, the reped
18F-FMISO PET/CT scan wil orly be performed 510 days into chemoradiotherapy
treament. For Cohort 1 patierts, a repea 8F-FMISO PET/CT scan wil only be
performed if the pretreament baseine 18F-FMISO PET scanis posttive for hypoxia.

Chemotherapy wil be admnistered in two doses. Chermotherapy wil begn +/- 3 days
from the first day of radiation therapy. The secord cycle of chenotherapy wil begn 3
weeks later (+/- 5 days), although cdelays for safety (e.g, low white blood court, elevated
credinne) are alowed. Standard chenotherapy with either Cisplatin  or Carbogatiry5-
Fluorouracil is strondy recommended. Any other schedue (e.g, weekly chemotherapy)
is discouraged and requires approval of the prircipal investigator.

1 Patierts shoud receave standard high dose Cisplatin  chemotherapy at 100 mg/n?.
If the patient is urfit or canrot tolerate Cisplatin, the treaing physician must
discuss with study medica oncologst, Dr. Eric Sherman, to joirtly corfirm what
chenmotherapy shoud be gven in place of Cisplatin
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9 If apatiert is not tolerating Cisplatin  wel, dose modfication(s) must be discussed
with study investigator, Dr. Eric Sherman, prior to making arny changes.

Patients on main canmpus, urless cortraindicated, wil have a recomnended MRI at pre-
treament (Cohort 1), recommended MRIs approximately weekly (Cohort 1), ad a
recommended MRI post-treament at 3 months, 6 norths, and 1-yea post-treament (+/-4
weeks) when posdble (Cohort 1). Cohort 2 patierts wil not recave approximately
weely MRIs, ad wil not receve a post-treament MRl at 3 morths, 6 norths, ad 1
yea post-treamert.

Central review of all radiation treamert plans must be reviewed by study Pl Dr. Nancy
Lee and/or investigator Dr. Nadeem Riaz prior to intiating radiation treament.

10.0 EVALUATION DURING TREATM ENT/INTERVENTION

All patients wil be evaluated acarding to the stardard of care for their head and neck
caxcer.

11.0 TOXICITIES/'SIDE EFFECTS

No side effeds are expeded as a resut of ths study. However, in the urikely event that
an adverse readion to either radiopharmacetica occus, these toxcities wil be graded
acordng to Comnon Termiology Criteria for Adverse BEverts (CTCAE) version 4.0.
The resuts wil be docurerted and reparted by the Principal Investigator to both the
Irstitutioral Review Board and the IND Commitee chairmen

Cohort 1 patients who wil have optional 18F-FMISO PET image-guded core biopsies
might  experience the folowing:

Likely
1 Discomfort when the readle ertersino you nedk
1 Minmal if any bleeding from your nedk

Less Likely

1 Infedion
1 Ned pairs

Cohort 2 patients who urdergo nedk dissedtion might  experience the folowing:
Likely
1 Temparary postoperative disconfort

T Numbress of the skin
1 Visble heded scar ine

Less Likely
1 Scatisae (fibrosis) of the nedk leading to tightness
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1 Infedion

Rare but serious
I Fud coledion in the nedk requiring dainage(seroma)
1 Bledaing (hematoma) requiring asecond surgery
1 Loss of furction of a nrerve (lower [p asymnetry, shouder dysfurction,
hoarseness others)
1 Chyle le& (prolonged flud drainage from the nedk)

Patients who partake in the optioral storage and aralysis of tisse sanples wil not have
addtional risks or toxicities other than the urauthorized and inadverternt release of PHI.

Gadavist, a gaddinumbased cortrast agert, is the standard cortrast agent uiized in
cortrast MRIs. However, adverse readiors to gaddinumbased corntrast agerts have
been daurented, whch may include headades, rash, and itchng Furthermore,
gaddinum-based cortrast agerts are associated with a risk for Nephrogenc Systemic
Fibrosis (NSH and renal falue. Due to these associated risks, subjeds erroled on ths
protocol with a known cortraindication to the standard MRI cortrast agent (Gadavist, a
gaddnum-based cortrast agent) and/or a recet estimated domerdar fitration rate
(eGFR) of 30 or less wil be excluded from al DCE-MRIs, and wil instead receve non
cortrast MRIs at the DCE-MRI time paits.

CRITERIA FOR THERAPEUTIC RESPONSE/OUTCOME ASSESSM ENT
Not appicable.
CRITERIA FOR REM OVAL FROM STUDY

If at any time the patient develops progressve disease he/she wil be taken off study and
referred for alternative therapy. If at any time the patient develops uracceptable toxicity
he/she wil beremoved from study.

If at any tme the patiert is fourd to be ineigble for the protocol as desigreted in the
sedion on Criteria for Patient/Subjed Eigbity (i.e., a change in diagrosis), the patiert
wil beremoved from the study.

If at any time a patient wishes to participate in the optional sub-study regarding additional
barking and aralysis of tisse via the optional biopsy (Cohort 1) or via the standard of
cae sugcd resedion (Cohort 2), the patient has a right to withdraw participation and
prohbit any fuure use of their biologc speamen that has not already been urdertaken If
the speamen has aready been sert ou fromthe archive for reseach purpaoses, it canrot
be excluded from the research, nor woud ary resuts derived from the research adivity
be excluded.
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14.0 BIOSTATISTICS

Cohort 1 wil acaue acohort of 150 head and nedk cancer patients over 5 years, of

whch 100 wil be HPV+ turors and 50 wil be HPV- turors. Due to biomarker
screaing and to acomnodate a 20% exclusion rate, in order to read 28 eigble
patients, Cohort 2 wil acaue 19 patients who are expeded to urdergo surgcd resection
for their cancer per standard of care.

Ths is a feasbity study of wsing 18F-FMISO PET to deted tunor hyoxa in HPV
necative head and neck cacer of which patierts wil urdergo standard chemoradiation
Information obtained from the magng studies wil not alter from the standard of care.
We wil mage 50 nmonHPV positive patients to evaluate the abity of dynamic 18F
FMISO PET scaming to acarately determre the location hypaxia sub-regons within
the tumor volure. For those HPV nregative patients whose 18F-FMISO PET exhbits
hypaxia, we wil also perform a repea 8F-FMISO PET/CT scan 5-10 days into treamernt
with chemoradiotherapy. This wil provide us the volure of hypoxic regon at the 5-10
days time-pant. The changes in the volume of the hypoxic regors after 5-10 days of
therapy wil be summarizd. We estmate that 40 HPV negative patierts wil requre
repea 18F-FMISO PET. Anorg these patierts, we articipate Wicoxon rark sum tests
wil be used when the imagng resuts are measured corntinuously and Fisher Hexad tests
wil be appied when the magng resuts are dichotomized. We wil also search for the
best cu-off value for SUV and/or ks to predict fresposed. To ths end, we wil examine
al posgble cu-off values and the corresponding sersitivity and spedficity.

The Youden index, defined as sersitvity+spedficity-1, wil be used to determre the best
cu-off value for SUV. For long-term treament oucomes, Kaplan-Meier estmates wil
be cdcuated for ead stratum and conpared wsing the log-rark tests. When competing
risks are present (deah without distant metastasis), GrayGs test wil be used. Due to the
nmoderate sample sz, we may mot have enoudh power for dedaring statistica
sigrificance for our tests, in which cases we wil repart all summary and test statistics and
pont ou fuure reseachdireciors.

As 18F-FDG PET scas are routinely obtained kefore and after chemoradiation for head
ad redk cace, we wil inclwde a prospedive MTV (metabdic tumor volure)
cdcuation in addtion to the aready cdcuated standard uptake value (SUV) for the
rowine 18FFDG PET scas. We wil not alter any patient management based on the
cdcuated MTV. The MTV, defined as turor volume with 42% or geaer of the
maxinum  18Fuorine-fluoro-deoxygucose (18FFDG)  sigml  intersity  on  paositron
emsdon tomogaphy (PET), has been denomstrated to correlate with loco-regoral
cortrol, freedom from distant metastases, and owerall survival in oropharynged cacer
patients treaed with defintive chemoradiation therapy at MSKCC (21). These findings
corroborate those of previously pubished retrospedive studies from Starford Medical
Center (22, 23.

Biostatistics for HPV+ tunors with no evidence of hypoxia on their baseine 8F-FMISO
PET/CT or that exhbited hypoxia resolution ontheir ealy repea 18F-FMISO PET/CT.
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100 HPV+ patients with negative baseine scan or ealy resoluion of tumor hypoxia of
ther node(s) at 510 treament days ino chemoradiation defined by an absence or
disappeaance of 18F-FMISO uptake on PET/CT, wil adieve an equivalent nodal cortrol
with nodal radiation dose at 60Gy in the setting of chemotherapy with concomtart
reduction in treament-related compications. To test if patients receving 60Gy to the
node(s) folowed by an FDG PET and observation smiar treamert oucomes when
conmpared to the radiation of 706y to the modes bah in the setting of concurent
chemotherapy, we wil appy a ore-sded ae sanple propation test. Ou past
experience is that the nodal cortrol rate at 3 mornths for such patient with 70Gy to the
ndes is 94%. We wil rejed o hypahesis of equvalent cortrol whether patients
receve 706y to the modes or 60Gy to the mnodes folowed by an FDG PET ard
observation if (57 patierts out of the 66 in total who receved 60Gy to the nodes adieve
the same 3-morth nodal cortrol after chemoradiation  With ths rue, we have a power of
0.93 for deteding that 60Gy wil resut in 3-north regoral cortrol lower than 80% with
the type | error rate lower than 0.05. To test if patierts recaving 60Gy to the nodes
folowed by an FDG PET and olservation show superior toxicity outcomes when
conpared to the historica resuts from smiar patients receving 705y, we wil appy a
ore-sided ore sanmple propation test. Grade 2 or higher toxicities that occured withn 3
months  from the conmpletion of IMRT wil be courted in ths amalysis. Ou past
experience is that this toxicity ratefor patierts receving 7@y is arourd 75%.

Using the total of 66 patients that urdergp 60Gy to the nodes, we wil rejed our
hypathesis of equvalert or hgher toxicity rate when the nodes receve 10Gy less
radiation from 70y when (43 patierts have at least one O grade 2 toxicities. With this
rde, we have a power of 0.84 for deteding the probabity of 60% of patients wil have at
least one Qyade 2 toxicity with the type | error rate lower than 0.05. Effort wil be made
to monitor all toxicities occuring beyord 3 nmorths from chemotherapy and IMRT for all
patients. However, censoring can be an isse so we wil not apply the propation test for
toxicties after 3 months from chemoradiation  Imstead, we wil summarizz the data
descriptively and when appicable, we wil use survival amalysis tods such as Kaplan-
Meier estimation and log-rark tests to determine whether 60Gy results in lower toxicity.
To examre the paertial correlations between various evaluation methods for nodal
cortrol status, we wil apply a series of Fisher Sexad tests.

The spatial extent of 18F-FMISO PET maging within the nedk node(s) determines the
urderlying hypoxia tumor phenotype for bath HPV positive and negative HNSCC. To
determire whether baseine 18F-FMISO PET/CT and/or ealy-respose 18FFMISO
PET/CT at 510 treament days after chemotherapy and IMRT correlate with seleced
profferative/nypaxda noleadar markers, Wicoxon rark sum tests wil be used for eat
marker. Mutiple testing adjustments such asBorferroni procedures wil be used. To
investigate whether the extent of 18F-FMISO PET/CT measured hypoxia at baseine

and/or 510 treament days into chemoradiation for bath HPV postive and negative
tumors correlates with the development of distart metastasis, Kaplan-Meier estimates
wil be cdcuated for ead stratum and conpared wsing the logrark tests. When
competing risks are present, GrayGs test wil be used to examine the correlation between
the exent of ®F-FMISO PET/CT measured hypoxia with the development of distant
metastasis.  To examre the pdertial correlations between the baseine and ealy
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respose 8F-FMISO PET magng and tumor urderlying HPV status, we wil apply
Fisher 5exad tests.

Mutiparametric scans wil also be oltained. We wil attenpt comparisors to 18F-FMISO
PET resuts and mmurohstochemsstry hypaxia resuts, but due to the small piot siz of
ths exploratory am, we may not produce signficat resuts. In that case, we wil presert
summary statistics and suggest directions for future study.

> For this study cohort, 14 eigble patierts wil be needed for the aralysis. Asauming
approximately  25% of the patients erroled wil not be eligble, we wil plan torecut 19
patients upfrort. For evaluation onthe efficacy ofthe regmen in this cohort, a simple
dedsion rde wil be mplemented, which is asfolows: If, among the total 14 eigble
patierts, we have at least 10 patients who are aive, folowed and have apathologc CR at
4 morths  from the end of the treamert, then we wil dedare the treament modalty using
30 Gy is feasble and worthy of further investigation  Any patient who died or is lost to
folow uw withn 4months from the end of radiotherapy wil beregarded asafaiure, ie.,
without pathologc CR. Feasibiity for the primary objedive in cohort 2 wil be defined
acarding to aforemertioned deasion rue. This dedsion rue has the folowing
probabities of dedaring success

True Locoregomal Cortrol Rate
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90
Probabity of Dedaring Success
0.090 |0.167 |0.279 |0.423 |0584 |0.742 |0.870 |0.953 | 0.991

SUBJECT REGISTRATION AND RANDOM IZATION PROCEDURES

15.1 ResearchParticipant Registration

Confirm eligibility as defined in the section entitled Inclusion/Exclusion Criteria.
Obtain informed consent, by following procedures defined in section entitled
Ihnformed Consent Procedures. During the registration process registering individuals
will be required to complete a protocol specific Eligibility Checklist. The individual
signing the Eligibility Checklist is confirming whether or not the participant is eligible
to enroll in the study. Study staff are responsible for ensuring that all institutional
requirements necessary to enroll a participant to the study have been completed.
See related Clinical Research Policy and Procedure #401 (Protocol Participant
Registration).

15.2 Randomiztion

Not appicable.
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16.0 DATA M ANAGEM ENT ISSUES

A Reseach Study Assstart (RSA) wil be assgred to the study. The responsibities of
the RSA irclide projed conplance, data coledion abstradion and ertry, data
reporting reguatory montoring problem resoltion and ioritization, and coardinate
the adivities of the protocol study team

The data coleded for ths study wil be erntered info a seare database. Source
docurertation wil be avalable to suppat the compuerized petiert record.  All research
material from this study wil be handled with the same corfidertiaity as patienté other
medicd data.

16.1 Quality Assurance

Eigbity of patients wil be verified with the Principal Investigator.  Only the desigrated
investigators can oltain informed corsert.

There are several different medhansms by whch cinicd trials are montored for data,
safety and queity. There are imstitutional processes in place for qualty assrarce (e.g,
protocol montoring complance and data verification auwdits, therapeutic respose, ad
staff education on cincad reseach QA) and departmental procedures for qualty cortrol,
plus there are two irstittioral commitees that are respansible for nontoring the
adities of owr cinicd trials proganms.  The commitees: Data and Sa ety Monitoring
Commttee (DSMC) for Phase | ard Il cincd trials, and the Data and S& ety Monitoring
Board (DSMB) for Phase Ill cincd trials, repat to the Center 9Research Courcil and
Institutional Review Board (seesedion 16.2).

During the protocol development and review process ead protocol wil be assessed for
the level of risk and the degree of requred montoring Every type of protocol (e.g, NIH
sposored, inhouse sponsored, industrial sponsored, NCI  cooperative goup, etc.) is
reviewed and montoring pocedures are estabished at the time of protocol adivation

16.2 Data and Safety M onitoring

The Data and Safety M onitoring (DSM ) Plans at M emorial Soan-K ettering Cancer
Center were approved by the National Cancer Institute in September 2001.The
plans address the new policies set forth by the NCI in the document entitled fiPolicy
of the National Cancer Institute for Data and Safety M onitoring of Clinical Trialso
which can be found at: http://cancertrials.nci.nih.gov/researchers/dsm/index.hitml.
The DSM Plans at M SK CC were established and are monitored by the Clinical
Research Administration. The M SKCC Data and Safety M onitoring Plans can be
found onthe M SKCC Intranet at

There are several different mechanisms by which clinical trials are monitored for
data, safetyand quality. There are institutional processesinplace for quality
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as surance (e.g.,protocol monitoring, compliance and data verification audits,
therapeutic response, and staff education onclinical research QA) and

departmental procedures for quality control, plus there are two institutional
committe esthat are responsible for monitoring the activitiesof our clinical trials
programs. The committe es: Data and Safety M onitoring Committee (DSM C) for
Phasel and |l clinical trials, and the Data and Safety M onitoring Board (DSM B) for
Phase ll | clinical trials, report tothe Centerds Research Council and I nstitutional
ReviewBoard.

During the protocol development and reviewprocess, each protocol will be as sessed
for itslevel ofrisk and degree of monitoring required. Every type of protocol (e.g.,
NIH sponsored, in-house sponsored, industrial sponsored, NCI cooperative group,
etc.) will be addres sed and the monitoring procedures will be established at the time
of protocol activation.

PROTECTION OF HUM AN SUBJECTS

Risks of Study Participation  Patients who wil urdergo a treament that deviates from
the curent standard of care for therr disease wil be those patierts in Cohort 2 who
receve a dose of radation of 30Gy to the sugcd bed and lmph nodes, a nedk
disedion at three to four months post-chemoradiation and a possble booster dose of
chemoradiation folowing neck dssedion (ths bocster dose is dependent on the resut of
the planred redck dssedion). The risks involved include those entaled by gving a
decaessed dme of radiation ad a nek dssedion at three to fowr months post-
chermoradiation  However, the risk associated with the deaeased dose of radiation is
mediated by the nedk disedion three to four morths post-chenoradiation Shoud any
residual disesse be discovered at the time of ths nedk dissedion the patient wil be
treaed with a chemoradiation boost per standard of care. These patierts wil be closely
monitored throughout their treament on this protocol, and wil receve standard of care
treament shoud arny conpications occur.

Finarcial Costs to Patients: Al diagrostic and therapeutic intervertions except for the
F-FMISO PET/CT scas ad the nedk disedion three to four norths post-
chemoradiation for seled Cohort 2 patients are part of the curent rouine care of
patierts/stbjeds eligble for ths study. A reseach gant wil cover the cost of the 18F
FMISO -PET scas ard the trace, the optional 18F-FMISO PET image-guded core
biopsies, and the nedk dissedions. In addtion, the muitiparametric scas on the Phlips
MR madire wil not gererate a charge. There are no addtioral finarcial costs or burden
to the patiert beyond the charges routirely incured aspart of standard medicd care.

Patient _ Corfidertiaity: Patiert/subjed privacy and corfidertiaity wil be maintained
acaording to MSKCC gudeires and all data derived from ths study wil be kept in a
seare database. Al data and resuts wil be amonymously reported with regard to
individual  stbjeds.
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Volutary nature of the study: Subjeds wil be made aware of the volurtary nature of the
study as part of the informed comsert process They wil be alowed to withdraw
participation at any time without the risk of alteration in the quaity of their medica care.

17.1 Privacy

MSKCCé Privacy Office may alow the use and disclosue of proteded health
information prsuant to a completed and sigred Reseach Auhorization form The use
and disclosure of proteced hedth informetion wil be Imited to the individuals described
in the Reseach Auhorization form A Reseach Auhorization form must be conpleted
by the Principal Inwestigator and approved by the IRB and Privacy Board.

For the biospedmen barking and aralysis study, it wil be explained that fulure reseach
may also be dore to identify changes in genes that predict risk for cancer or other
diseases, if such germine geretic research is performed, then to be in complance with
New York State Law (New York State Cwml Rigits Law 879-1(30(a)), it wil not be
posshle to povide resuts of reseach tests mot performed in a New York State
Department of Hedth approved cinical laboratory.

The corsert indicates that sarmples and geretic information colected may be shared with
other quaified reseachers. Such infformation wil ot include identifying information
sich as nane. It is also stated in the consert and Research Auhorization thet research
data (e.g genomic sequence) may be placed ino databases montored by the Natiorel
Institutes of Hedth and may be made accessble to investigators approved by the U.S.
governmert.

The requrements for submisson of genotype/pherotype data into the NIH GWAS
Repaository (or any other pubic database) wil be oulned in the biopsedmen aralysis
appication, i.e., IRB Biospeamen Correlative Protoco/HBUC Appication/Appication
of Exemption for Bxsting data.

17.2 Serious AdverseEvent (SAE) Reporting

Any SAE mwst be reported to the IRB/PB as soonas possble but no later than 5 caendar
days. SAE reparting is requred for 30 days after the last 18F-FMISO PET/CT scan Ary
SAEs that occur after the 30 day period and that are at least possbly related to the 18F-
FMISO isotope must be repated. The IRB/PB requres a Cincad Reseach Database
(CRDB) SAE repat is submited eledroncaly to the SAE Office at sae@nskcc.org
cortaining the folowing infor mation:

Fields popdated from the CRDB:
1 Subjedads name (gererate the repoart with only intials if it wil be sent outside of
MSKCCQC)
1 Medicd record nurber
9 Disease/histology (if appicable)
1 Protocol nurber ard title
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Data needing to beerntered:
The date the adverse evert occured
The adverse evert
Relationship of the adverse evert to the treament (drug device, or intervention)
If the AE wasexpeded
The severity of the AE
The intervention
Detaled text that includes the folowing information:
0 A explarmation of how the AE was handled
0 A description ofthe subjed’s condition
o Indication if the subjed remains on the study
o If anamendment wil need to bemade to the protocol and/or consert form

= A48 8 _98_4a_9

The Principal Investigatorés sigretre and the date it was sigred are requred on the
completed repart.

For IND/IDE protocols:

The CRDB AE repat shoud be conpleted as above and the FDA assigred IND/IDE
nurber written at the top of the repart. If appropriate, the report wil be forwarded to the
FDA by the SAE staff through the IND Office.

17.3 Inclusion of Children in Research

Ths protocolprojec does ot include chidren becase the nurber of chidren is Imited.
Ths statement is based on exclusion 4b of the NIH Poicy and Gudeires on the
Inclusion of Chidren asParticipants in Research Involving Human Subjeds.

18.0 INFORM ED CONSENT PROCEDURES

Before protocolspedfied procedues are carried ou, conserting professorals  wil
explain ful detals of the protocol and study procedures as wel as the risks involved to
participarts prior to therr inclusion in the study. Participarts wil also be infformed that
they are free to withdraw from the study at any time. Al participants must sign an
IRB/PB-approved corsent form indicating their consert to participate. This consert form
meds the requrements of the Code of Federal Reguations and the Irstitutional Review
Board/Privacy Board of ths Certer. The consert form wil include the folowing:

1. The nature and objedives, pdertial risks and berefits of the intended  studly.

2. Tre lengh of study ard the ikely folow-up required.

3. Alternatives to the propocsed study. (This wil include avalable stadard amd
investigetional  therapies. In  addtion, patierts wil be offered an opion of
swppative carefor therapeutic studies.)

4. The name of the investigator(s) respansible for the protocol.
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5. The right of the participant to accept or refuse study interventions/interactions and
to withdraw from participation at ary time.

Before any protocolspedfic procedures can be caried ou, the conserting professonal
wil fuy explain the aspeds of patient privacy concerning reseach spedfic information
In addtion to sigring the IRB Informed Corsert, all patients must agee to the Reseach
Auhorization comporert of the informed consent form

Each participant and corserting professoral wil sign the consert form The participant
must recave acopy of the sigred informed corsert form
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